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Foreword: European Commission's Competence Centre on 
Modelling 
The Commission uses modelling to assess the environmental, economic, and social 
impacts of policy options and initiatives. Models are also used in other phases of the 
policy cycle, for instance to evaluate policies and support the EU policy implementation. 
The Commission’s increasing focus on quantification of EU policy requires cross-cutting 
and robust approaches. The Competence Centre on Modelling brings under one umbrella 
the Commission's competencies and best practice in building and using models for 
greater quality and transparency in policy making. 
In this way it contributes to the Commission's Better Regulation policy, to the Inter-
Institutional Agreement on Better Law Making, and to the Communication on Data, 
Information and Knowledge Management at the European Commission. 
The Commission's Competence Centre on Modelling supports a transparent 
documentation, use, and reuse of models by making available years of experience in the 
area of baseline scenarios, uncertainty analysis and sensitivity analysis and social multi-
criteria evaluation, maintains a modelling inventory (MIDAS, documenting over 200 
models in use by the Commission). 
The Competence Centre on Modelling helps to identify common approaches to quality and 
transparency of model use. The community of practice on modelling combines a web-
based forum for sharing best practice and topical knowledge with dedicated conferences 
on modelling for policy and training activities. 
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Abstract 
An integral part of the model quality control and quality assurance at the European 
Commission is a scientific peer-review of models, including those developed by external 
contractors. The present reports details the outcome of the review of the METIS, which 
was carried out by an external scientific Review Panel closely following ‘Guidelines for the 
review of models used in support of EU policies’.  The review aimed at verifying and 
consolidating the scientific credibility of METIS and identifying most promising/relevant 
areas for a future model development. The report includes also a first reaction from the 
METIS team, detailing among others how Review Panel’s suggestions will be addressed. 
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1 Introductory remarks 
Model-based evidence is playing an increasing role in the European Commission’s policy 
support in general and the policy Impact Assessment process in particular. The Better 
Regulation Policy aims to ensure that EU decision-making is open and transparent and EU 
actions are based on evidence and understanding of the impacts.  
It is therefore of utmost importance that models used for policy support are state of the 
art, credible and transparent both from a scientific point of view and from the perspective 
of Commission’s policy services, the Member States, and other stakeholders.  
Information on aspects such as assumptions, model architecture, data quality, 
verification, reproducibility of results and policy representation mechanisms, needs to be 
made available, especially if the results of these models are used in policy documents 
and EC-endorsed studies. 
An integral part of the model quality control and quality assurance is a coherent approach 
for a scientific peer-review of models, similar to practices in international organisations 
and national modelling institutes. The Directorate-General Joint Research Centre (JRC) of 
the European Commission has developed ‘Guidelines for the review of models used in 
support of EU policies’ which have been used in the review of the METIS model. 
The overall objective of the Model Review is to verify and consolidate the scientific 
credibility of models used for policy support in the Commission. This means that the 
review process assesses the documented model description and manual, the model 
performance, the results of sensitivity tests of the model and the peer review status. 
Therefore, the specific objectives of the review are to assess to what extent: 
• The model is built following sound scientific principles, based on well-established
data, grounded in the prevailing theoretical insights, has well-documented
assumptions and embedded expert knowledge, and is described by appropriate
mathematical concepts and language.
• The model has been scrutinised in relevant scientific conferences and (for models
already used for some time) has passed the peer review processes of top scientific
journals in the field.
• The model has been validated, has undergone sensitivity analysis, and its
limitations are documented and published.
• Model data, the theoretical framework and the empirical implementation
(including model calibration) are transparently documented, stored publicly
accessible, and shared with the relevant scientific community.
• All model runs in support of EU policies are documented in detail – including
source code and data – and stored accessibly so that, if needed, the reproduction
of modelling results can be carried out at any time.
• The results of model runs that are used in studies and policy documents are
available on the EU Open Data Portal.
• Links with relevant academic networks are established and maintained, e.g.
through annual workshops, to ensure a continuous exposure of the model, the
underlying data, and baseline scenario assumptions, etc. to the scientific
community.
Each review follows a standardised process that consists of three steps. 
1. Well in advance, the modelling team is asked to provide the Review Panel with a
complete model documentation. During the preparation of the review process, the
Review Panel and modelling team may suggest a number of stylised scenario
runs, the results of which would be discussed in-depth at the review meeting. The
6 
modelling team also provides to the Review Panel scientific papers and/or policy 
reports that they deem as their best and/or most relevant products. 
2. Face-to-face meetings of the model review (usually 1.5-2 days) consist of (i) a 
series of presentations, where the conceptual model structure, underlying data 
and policy simulations are presented by the modelling team to the Review Panel, 
and (ii) following consultative meetings where the Review Panel discusses 
internally and agrees on draft conclusions. 
3. In the weeks following review meetings, the Review Panel writes a model review 
report which is handed over to the modelling team, the senior management and is 
made publicly accessible. The modelling team is given opportunity to address the 
comments in the draft model review and present suggestions for model 
improvements or additional runs. 
In order to ensure a rigorous, coherent and unbiased review, the model review is 
undertaken by an external scientific Review Panel. The Review Panel consists of 4-8 
experts in the domain of the model, and a Chair of the Review Panel. A Secretariat which 
provides administrative and secretarial support is provided through the Commission’s 
Competence Centre on Modelling. 
The report before you contains the results of the scientific review of the METIS model as 
carried out from February 2019 to May 2019 by a Review Panel consisting of Leen 
Hordijk (chair), d'Artis Kancs (scientific secretary), Erik O. Ahlgren (Chalmers University), 
Erik Delarue (University of Leuven), James Glynn (University College Cork) and Marie 
Münster (Technical University of Denmark).  Short bio’s of the panel members can be 
found in Annex 1. The European Commission is very grateful to the members of the 
Review Panel for the time and effort they have put into carrying out this review. The 
Review Panel met at the site of the DG ENER in Brussels on February 20 – 21, 2019. The 
review meeting agenda can be found in Annex 2. 
The remainder of this report contains a short description of the METIS model (section 2), 
the results of the review (section 3), reply to the Review Report by the METIS team 
(section 4) and conclusions (section 5). 
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2 Policy and model development background 
In around a decade ago, the EU energy and climate policy has set an ambitious objective 
of 20% of our final energy consumption produced from renewable sources by 2020. In 
2017, this share had already reached 17% with the renewables share further increasing 
to reach the 2020 objective. The 2030 Climate-energy package goes further with a target 
of 32% by 2030. These trends will affect substantially the overall European energy 
system, in particular the electricity grid. 
While about 30% of the electricity production originated from renewables in 2017, this 
share is expected to rise to about 36% in 2020 and over 45% in 2030 with an increasing 
production from variable sources, such as wind and solar photovoltaic. In 2017, wind, 
solar, and biomass combined produced 20.9% of all electricity in the EU, compared to 
20.6% for coal and 19.7% for natural gas. This poses a number of challenges in terms of 
stability and balance between supply and demand in Europe.  
In this context, different key technologies have been already developed towards 
functional maturity, like wind, solar, bio-energy, heat pumps, etc. over the last years. 
However, maximum benefits of these technological developments as well as a cost 
efficient increase of the share of renewables can be achieved only if these are integrated 
in a coherent, reliable and stable energy system which can operate under complex 
technological, economic, environmental and social boundary conditions. 
At the same time, the internal energy market in electricity and gas is being implemented 
throughout the EU since 1996. In 2009, the "Third Energy Internal Market Package" was 
adopted. Its aim is to put in place the regulatory framework needed to make market 
opening in the electricity and gas sectors fully effective and to achieve an efficient, 
integrated, interconnected and transparent EU internal energy market. Thus, the EU 
internal energy market legislation in the three energy "packages" have set the basis for 
opening up the electricity and gas retail markets to competition for the benefit of 
European consumers. Existing rules aim at ensuring to all suppliers/retailers non-
discriminatory access to and usage of transmission and distribution networks by obliging 
vertical integrated companies to legally and functionally unbundle the operation of 
transmission/distribution networks from supply activities. 
Currently, the EU is in the process of updating its energy policy framework in a way that 
will facilitate the clean energy transition and make it fit for the 21st century. Negotiations 
have now been concluded on all aspects of the new energy legislative framework – the 
Clean Energy for All Europeans package – and all of the new rules will be formally 
adopted in 2019.1 The new policy framework brings regulatory certainty, in particular 
through the introduction of the first national energy and climate plans, and will 
encourage essential investments to take place in this important sector. 
Policymakers, regulators, network operators and businesses also face new challenges, 
related to generation adequacy and potentially additional investment requirements in the 
generation capacity, the required flexibility to ensure the secure operation of the grid 
when more variable renewable energy enters the market, climate change, fuel security, 
building sufficient electricity transmission infrastructure, etc. The change from highly 
centralised production to highly decentralised production and the fact that the users 
professional and household will probably play an increasingly active role will require that 
the existing market design adapts to this new environment through carefully determined 
policies. 
From the original tender specifications,2 the objective of the model to be developed (what 
later became METIS) was to have an analytical tool capturing the entire European energy 
system that can be customised to policy maker needs; captures the main aspects of the 
European energy system and is calibrated with data of the current EU energy system 
 
1 https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/clean-energy-all-europeans 
2 http://ec.europa.eu/dgs/energy/tenders/doc/2014/2014s_152_272370_specifications.pdf and 
https://ted.europa.eu/udl?uri=TED:NOTICE:445724-2014:TEXT:EN:HTML 
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covering all 28 Member States. The project was carried out by contractor Artelys. Once 
calibrated, METIS aims at simulating the EU energy system in the short- (less than 
hourly intervals) to medium-term (five to ten year period) and longer term, focusing on 
electricity, gas and heat sectors. METIS covers supply, transmission, distribution and the 
final demand, as well as all associated markets. The aim is to enable an analysis of the 
complementarities and competition between the main energy sectors: electricity, gas and 
heat. 
METIS has been developed within the European Union's Horizon 2020 Research and 
Innovation Programme by a consortium (Artelys, RWTH Aachen, ConGas, Frontier 
Economics). 
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3 Strengths, caveats and suggestions 
3.1 Validity of the methodological approach 
The Review Panel has assessed the validity of the methodological approach by aiming to 
establish whether the conceptual framework of the model is grounded in state-of-the-art 
theoretical insights, and whether the methodology implementing the model follows sound 
scientific principles. 
 
3.1.1 Methodological approach taken in METIS 
The METIS model is centred on an operational optimisation of the energy system. For 
example, the adopted methodological approach allows to optimise the energy system 
operation for one year with hourly time steps (overall system cost minimisation, centrally 
operated). The electric power system is typically considered, and dependent on the set-
up, gas and heat can also be included. The model focuses on operational aspects, but 
also allows for an endogenous investment in particular technologies (still considering 
one-year scope).  
METIS has been built in a modular approach; it consists of six energy sector modules: 
power system, power market, gas system, gas market, demand module and heat 
module. In addition, there are also several supporting modules performing horizontal 
tasks in METIS. 
The power system module is responsible for modelling power systems; it contains the 
power production, consumption and transmission assets. The power market module 
complements the power system module with intraday and balancing markets. The power 
market module builds on the results of the power system module and additionally 
accounts for day-ahead market clearing and imbalances. 
The gas system module is responsible for modelling gas systems; it contains gas 
production, consumption and transmission assets. The gas market module consists of 
pipeline assets linking geographical zones (typically one node per country), suppliers 
represented by gas production assets and a global gas market node. 
The demand module contains load curves and load patterns for each country’s electricity 
and gas demand. 
The METIS heat module is responsible for modelling the functioning of different district 
heating network archetypes, i.e. the heat dispatch of different connected heat sources to 
meet the heat demand. 
In the METIS default configuration, power system and power market modules are linked. 
Analogously, gas system and gas market modules are linked. 
Computationally, METIS is formulated as a linear programming problem and solved using 
a proprietary optimisation engine minimising the overall cost. The algorithms to optimise 
large-scale energy systems in which future supply and demand are uncertain and in 
which energy storage plays a key role have been developed within the Inria Innovation 
Lab Metis.3 This Monte-Carlo Tree Search (MCTS) algorithm has then been integrated into 
the Artelys Crystal operational solution. 
 
3.1.2 Strengths 
An operational linearised-optimisation of the energy system (electricity, gas, heat) on 
hourly resolution can be a useful tool for a wide range of analyses. Modifications in either 





network capacities, demand patterns, etc.) or system boundary conditions lead to 
different output in terms of generation by country/fuel, CO2 emissions, cross-border 
trade, conversion between energy carriers, etc.   
The adopted theoretical framework is internally consistent, the modelling team is aware 
of model strengths and limitations and has attempted to address a number of limitations 
(with sometimes ad-hoc solutions), as discussed under the model validation, see section 
3.6 below. 
The model is not a “black box”, as the theoretical framework, all key methodological 
features of the model and the employed data are transparently documented and will be 
made accessibly available to the modelling community and anyone interested in METIS. 
The model development team is open for discussions and suggestions to address 
identified limitations of the modelling approach. 
The modular approach has allowed Artelys to flexibly address emerging questions posed 
by the DG ENER.  
 
3.1.3 Limitations 
Integration of energy sectors 
METIS offers a modelling platform for assessing policy scenarios and their implications for 
power, gas and heat sectors. Purely as an example, study S1 “Optimal flexibility 
portfolios for a high-RES 2050 scenario” illustrates the usage of METIS modelling features 
in the context of different sectors and energy forms to the power system in a context of 
high penetration of renewables.4 
METIS however is not a fully integrated power-gas-heat sector model. In the METIS 
version delivered to the Commission, the heat sector is modelled to some extent 
separately from power and gas; there are only few soft links in terms of data exchange / 
use of the same inputs between the power/gas and heat modules. As a result, important 
synergies and interdependencies between heat and power sectors, such as heat pumps 
for district heating, are not fully incorporated in the model. Furthermore, a flexible 
production from CHP plants is not considered. Finally, the modelling approach adopted in 
METIS does not include excess heat potential nor allows the inclusion of an excess heat 
from bio-refineries and power-to-gas units. This is a clear limitation of a multi-sector 
model, particularly in the context of an increasing demand for flexibility and storage in 
order to integrate variable renewables and an increasing substitutability between 
different energy carriers.  
Mathematical approach 
In a nutshell, METIS is set-up as a linear programming model. The optimisation engine of 
Artelys Crystal converts the linear model to a data format that is optimised using the 
FICO Xpress optimisation solver. 
Given that the model is linearised, there is no discrete modelling in METIS. The adopted 
linear approach might be a reasonably good approximation for specific types of 
analyses/studies. However, it might be less suited if detailed power plant-level flexibility 
needs being addressed. In such cases, one would typically resort to Mixed Integer Linear 
Programming (MILP) approaches, tackling unit commitment-type of problems. Also for 
problems where different actors would need to be represented, each having their own 
objective function and limitations, a centralised optimisation approach might be less 
suited.  
Suggestion: In the model documentation, there is no clear distinction between the 
clustering approach (i.e., grouping power plants as a single technology), and the 




approach should be made more explicit. The documentation would also benefit from a 
more thorough validation of the final approach (clustered, relaxed), i.e., comparing it to 
alternative approaches, such as a mixed-integer linear programming. 
Functional forms 
Many functional relationships in METIS are assumed to be linear by construction. For 
example, METIS assumes a linear relationship between the heating demand and the 
outside air temperature. 
While this might be a reasonably good approximation for narrow temperature ranges with 
small differences between inside and outside air temperatures, a linearity restriction in 
such functional relationships may lead to biased simulation results, for example, when 
differences between inside and outside air temperature are significant. 
Suggestion: The impacts of linearity assumptions could be tested in a global sensitivity 
analysis. 
Linkage with PRIMES 
A number of reference data sets have been derived from PRIMES output, to serve as 
input to METIS.  
So far, there have been no actual iterations with PRIMES, i.e., no feedback of METIS has 
been contrasted/fed back into PRIMES. METIS output might provide differences in 
contrast to operational decisions/detail taken in PRIMES. This might have an impact on 
the equilibrium solutions as determined in PRIMES. Also when certain CAPEX 
(investment) decisions are being made for some technologies in METIS, the 
positioning/deviation from the start point (equilibrium solution from PRIMES), one should 
carefully reflect on consistency of such set-up, as a soft unidirectional linkage does not 
ensure consistency in equilibrium solutions between METIS and PRIMES. 
Suggestion: The linkage between METIS and PRIMES requires a careful attention and 
might need further exploration. It should also be made clearer what exactly can be 
captured in METIS, which cannot be done in PRIMES (given that PRIMES also has for 
instance a UC module). 
Suggestion: Develop a theoretically consistent framework for linking METIS with PRIMES 
(or POTENCIA). 
Electricity transmission and distribution 
The power system in METIS is represented by an electricity network in which each node 
stands for a geographical zone (typically one node per country) that can be linked to 
other nodes via interconnections, constrained by a given transmission capacity. A trade-
based implementation is taken (in contrast to for instance a DC load flow approach). For 
nodes corresponding to European countries, the cross-border capacity between two 
nodes is given by the net transfer capacities (NTC).  
Given that METIS aims at modelling the operation of energy systems by 2050 (and 
further into the future), considering transmission constraints at the current granularity 
(one node per country) as an exogenous input is a rather critical assumption and may 
constitute a source of biased results. This is even more important when an integrated 
power-gas(-heat) version of METIS is deployed.  
The way distribution grids and possible local constraints are implemented remains partly 
unclear. 
Suggestion: This should be further explained and/or enhanced in future modelling.  
Electricity transmission and distribution losses are not modelled explicitly in METIS (they 
are included from PRIMES ex-ante). This might be a source of divergence between the 
two models. 
Suggestion: Introduce power transmission and distribution losses in the model. 
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Gas transmission 
The gas system is represented by a gas network in which each node stands for a 
geographical zone (typically one node per country). Nodes can be linked to one another 
with transmission capacity (e.g., pipelines to exchange gas). Import can be considered 
from external (non-EU) suppliers. The model is a basic linear model, respecting energy 
balances, on a one day resolution.  
Gas transmission costs are set to 0.001€/MWh in METIS to avoid random loop flows. 
Suggestion: Introduce gas transmission costs that are based on actual costs for gas 
transmission in METIS and model them explicitly (e.g., costs for compression). 
Decision makers 
As stated before, METIS optimises the operation of the overall energy system, via a 
single objective optimisation. As such, it takes the perspective of a single decision maker 
in a centrally controlled system. This might under certain assumptions reflect a perfectly 
competitive information (with perfect information to all actors). In reality, however, there 
are many decision makers in the energy sector, operating in possibly imperfect markets, 
facing uncertainty and possibly displaying e.g., strategic or risk-averse behaviour.  
Given the centrally optimised (linear) approach, METIS faces limitations. For example, 
detailed assessments of specific market designs, the level of competition, a strategic 
behaviour, etc. cannot be captured in the model. 
Suggestion: It should be made clear in the model documentation and METIS analyses, 
what can be done with the model, but also (importantly) where limitations of this 
approach are, and correspondingly what cannot be captured. Make the modelling limits 
explicit in terms of which policies can and cannot be assessed. Similarly, the market 
forms assumed for various bidding types (competitive, oligopoly, fixed cost) needs a 
scientific foundation. 
Unit commitment 
The Unit Commitment (UC) problem is a well-known decision making problem, 
determining the optimal scheduling of a set of power plants, to meet a certain electricity 
demand, respecting the technical characteristics of these plants. In METIS, there is no 
actual unit commitment with binary variables. Hence, dynamic constraints cannot be 
taken into account in a unit-by-unit modelling setup. METIS adopts a relaxed (clustered) 
unit commitment modelling approach. This allows to approximate the dynamics of the 
electricity system to certain extent, however, it does not allow e.g., to correctly account 
for start-up costs or take into account the minimum operating point of individual power 
plants. For certain type of analyses (e.g., focusing on flexibility, individual power plant 
operation, detailed reserve provision, etc.) METIS is not the best suited modelling tool.  
Suggestion: Given that Unit Commitment models with binary variables are a common 
knowledge and deployed widely, the approach taken in METIS is linear (relaxed 
clustered) and should be justified, especially for certain type of analyses (e.g., focusing 
on flexibility). In the model documentation, it should be made clearer what exactly is 
captured in the model and what not. 
Modelling of investment 
METIS is an operational model, and correspondingly, its prime focus is on operational 
decisions and behaviour, typically over a one-year horizon. In specific model set-ups, 
investments can be considered endogenously for dedicated technologies (the time 
horizon remains a one year period, investment costs are annualised). One should 
however be careful when determining investment decisions based on one single year. 
Even when accounting for different weather years (e.g., impacting renewable generation 
and demand), system change, and as such, investment decisions should try to account 
for that.  
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Suggestion: When input is taken from external sources (e.g., power system from 
PRIMES), then replacing part of the input by endogenous variables should be done 
carefully and better motivated, given that an equilibrium from a different model is 
distorted in a chosen direction (by only considering specific technologies as decision 
variables.  
Forecast error 
The power market model includes a module that stochastically simulates power plant 
outages, demand and RES-e generation forecast errors; the interplay between RES 
forecast errors evolution and short-term markets can be assessed. On the supply side, 
RES forecast errors are generated by computing the difference between RES production 
realisations and forecast simulations. On the demand side, forecast errors are generated 
for the power demand at the short-term horizon. These forecast errors are then used in 
market simulations. An important assumption behind the METIS modelling is that 
balancing is assumed to take place from a system-wide optimal perspective, and as such 
all markets are assumed to be sufficiently liquid.  
Archetypes 
In METIS, the heat generation and storage is modelled in a heat network archetype 
approach.  The configuration of METIS archetypes is constructed based on an inventory 
of currently existing heat networks. 
The archetype-based approach building on historical data may have limitations when 
looking at future energy systems; heat network archetypes that could potentially be 
existing in the EU in 2030 or 2050 e.g. with supply from renewable heat sources. 
Moreover, the constructed archetypes in METIS are for the whole EU, they are not 
country-specific though there are important cross-country differences in the EU. 
Suggestion: One solution would be to depart from the archetype-based approach and 
model the heat generation and storage in each country explicitly. Alternatively, relying on 
the archetype-based approach, the existing archetypes should be refined and their 
results validated and potential future archetypes should be added. 
Excess heat 
METIS contains a heat module. However, the utilisation of the excess heat is not 
modelled in METIS. For example, the excess heat from electrolysis or bio-refineries is not 
captured in METIS. Given that the utilisation of the excess heat is becoming more and 
more important in a number of EU Member States, without modelling sources and 
utilisation of the excess heat would neglect the ongoing shift towards a circular economy. 
Suggestion: Introduce the excess heat in METIS and model all major sources and key 
utilisation types of the excess heat. For inspiration, see the H2020 project Heat Roadmap 
Europe (HRE) available at https://heatroadmap.eu/heating-and-cooling-energy-demand-
profiles/. 
Publications 
The number of scientific contributions in relevant scientific literature is fairly limited. This 
is an area for improvement in the future. 
Suggestion: It should be demonstrated that METIS brings methodological improvements 
(in terms of the model), and/or that specific analyses/cases can be assessed with METIS, 
bringing new insights to the field.  
 
3.2 Model capacity to adequately address EC policy analysis needs 
The Review Panel has assessed the model capacity to adequately address European 
Commission (EC) policy analysis needs by aiming to establish whether the model can 
answer relevant policy questions in a sufficiently detailed/disaggregated way, and 
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whether the model is capable to capture challenges faced by specificities of the energy 
sector? 
 
3.2.1 Policy analysis needs 
In line with the EC terms of reference / tender specifications,5 the developed model 
should be able to: 
(i) simulate accurately the EU energy system in the short (less than hourly intervals) to 
medium term (five to ten year period) or longer, focusing on electricity, gas and heat 
sectors. 
(ii) cover supply, transmission, distribution and final demand, as well as all associated 
markets and be capable of assessing the impacts in terms of CO2 emissions. 
(iii) model each sector by separate detailed bottom up modules, which would then be 
integrated in an energy system model, allowing the analysis of the interdependencies, 
complementarities and competition between the three energy sectors. 
(iv) model the energy system and the mass integration of renewables; an integrated 
model of the electricity, gas and heat sectors would highlight possible synergies between 
fuels in resolving such issues. 
(v) reproduce the characteristics of present and potential future technologies (district 
heating, combined production of heat and power, heat pumps, wind turbines, solar 
thermal & photovoltaic, electromobility, etc.); allow the possibility to include increased 
flexibility from conventional generation, storage systems and smart generation, relying 
on existing technologies (gas turbines, dams) but also technologies under maturation 
(electrochemical or other types of storage, power to gas, hydrogen technologies, etc.). 
 
3.2.2 Strengths  
METIS provides an operational tool with a user-friendly interface to undertake energy-
related policy simulations. The graphical user interface (property of Artelys) offers many 
possibilities to configure, customise and run simulations even for non-experts in 
modelling and conveniently compare model outcomes under alternative policy scenarios. 
As regards the model's ability to accurately simulate the EU energy system in the short- 
to medium- and long-run by focusing on electricity, gas and heat sectors (i), METIS 
indeed is able to model power, gas and heat sectors in operational terms. METIS is 
particularly well suited to be used to answer policy questions related to the energy-
operation dispatch or capacity absorption insights in the short-run. 
With respect to the model's ability to cover supply, transmission, distribution and final 
demand, as well as all associated markets and capability of assessing the impacts in 
terms of CO2 emissions (ii), METIS indeed covers supply, transmission, distribution and 
final demand, though some of these key mechanisms are treated as exogenous in the 
model (i.e., focus is on system operation; the portfolio of power plants is taken as input). 
As regards the model's ability to model each sector separately in detailed bottom up 
modules (iii), METIS contains dedicated power, gas and heat modules. The three energy 
sectors can be linked. 
With respect to the model's ability to model the energy system and the mass integration 
of renewables (iv); METIS indeed is able to distinguish between renewable and non-
renewable energy sources. 
 
5 http://ec.europa.eu/dgs/energy/tenders/doc/2014/2014s_152_272370_specifications.pdf and 
https://ted.europa.eu/udl?uri=TED:NOTICE:445724-2014:TEXT:EN:HTML 
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As regards the model's ability to reproduce the characteristics of present technologies 




Sectoral energy modules 
Each energy sector (power, gas and heat) is modelled in separate modules; their 
integration in an integrated energy system model however is in many instances (as 
discussed below) incomplete. For example, power and heat modules, and gas and heat 
modules are not fully integrated. 
Important interdependencies between heat and power sectors, such as flexible CHP and 
district heating heat pumps, are not considered adequately in the model. This is a clear 
limitation of the model and does not allow for an analysis of the interdependencies, 
complementarities and competition between the three energy sectors.6 Substantial 
synergies between sectors in an integrated energy system are difficult to capture with 
METIS (new electrified transport system, thermal inertia, etc.). 
Suggestion: Heat and transport sectors require more substantial modelling improvement 
to be on equal footing vis-à-vis the electricity system model, and so as to be able to 
capture synergies in fully integrated energy systems.  
There is no one single METIS setup; different model setups could eventually be used. For 
the model end user however there is no clear overview over which modules can be 
combined, which setups are/can be used for addressing which policy question and what 
are implications for the underlying assumptions when using a particular METIS setup 
compared to alternative setups / combinations of modules. Further, it may not be clear 
to policy makers which model setups / combinations of modules involve which 
endogenous & exogenous variables? 
Suggestion: Provide a clear overview of which METIS setups / combinations of modules 
can be used for which policy questions and what are implications for the model structure 
in terms of underlying assumptions, e.g. which key variables are treated as endogenous 
and exogenous under which METIS setups? The Review Panel also suggests that more 
efforts are being put into the METIS validation (see section 3.6). 
In a METIS case study it is mentioned that reserving cross-border interconnection 
capacity for balancing (and hence not making it available for wholesale energy markets), 
can be beneficial. 
Suggestion: Such statements need to be carefully motivated by results, as it goes 
against what one would expect. 
Time horizon 
One has to keep in mind that in essence METIS is an operational model allowing to 
answer questions related to how the energy system would operate in one year, given a 
projected portfolio of power plants. Caution is needed when using METIS for long-term 
projection, given that the uncertainty on the actual projection can be a dominant factor. 
Suggestion: It should be made very clear in these cases which projections are used, and 
motivated clearly when certain investment decisions are being made endogenous in the 
model.  
Renewables 
Although METIS distinguishes between renewable and non-renewable energy sources, 
not all key renewable energy sources and demands are considered. For example, 
renewable transport fuels are not considered in METIS, which is an important limitation 
 
6 As specified in the EC terms of reference / tender specifications. 
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when modelling long-term future scenarios and the demand for biomass and electricity 
for this - as well as the potential heat supply. 
Not accounting for all key renewable energy sources and demands, such as renewable 
transport fuels, does not allow to assess impacts of policy changes in these – in METIS 
neglected – renewable energy areas. 
Suggestion: Introduce all key renewable energy sources in METIS and model them 
explicitly. 
 
3.3 Adequacy and validity of data used in the model 
The Review Panel has assessed to what extent the model is empirically implemented 
using the best available and well-established data sources and whether the construction 
and updating of the model data base follows sound scientific principles? 
 
3.3.1 Approach taken in METIS 
The geographic disaggregation of METIS allows to distinguish between 28 European 
countries and 6 non-EU countries: Bosnia (BA), Switzerland (CH), Montenegro (ME), 
North Macedonia (MK), Norway (NO) and Serbia (RS). Power exchanges outside of these 
34 countries are not modelled. The temporal resolution of METIS is at an hourly step, and 
typically a one-year period is being analysed. 
Power demand 
To empirically implement the power demand module in METIS, 50 hourly time series are 
considered. They are derived from the European Network of Transmission System 
Operators for Electricity (ENTSO-E) TYNDP 2014 hourly profiles and 50 years of 
temperature data history. The generation of the 50 years of demand time series is 
sensitive to temperature. The power demand time series are adjusted, so that on 
average (over the 50 realisations), the power demand by country corresponds to the sum 
of the following data taken from the PRIMES-EUCO27 scenario: (i) Final energy demand; 
(ii) Demand for Refineries & other uses; (iii) Transmission and distribution losses. 
Power generation 
To empirically implement the power generation in METIS, at an hourly time step, capacity 
factor time series (8760 hourly values) data are required for wind, PV and run-of-river 
(RoR) fleets. For both the EU28 and the 6 other countries, the capacity factor time series 
for wind and PV (10 weather data realisations per country) are computed by the IAEW. 
For run-of-river capacity factor time series, 2008-to-2013 historical generation data from 
ENTSO-E TYNDP 2014 are averaged to obtain a unique year-long realisation per country. 
Hydro power 
Water inflow profiles are required for hydro plants (which can be part of a cascade 
system). Minimum and maximum levels of reservoir place bounds on a hydro system’s 
operation. Data from the ENTSO-E and several TSOs are combined in order to 
parameterise water inflow profiles as well as storage. 
Pumped storage fleet 
The implementation of a pumped storage fleet in METIS requires data for two installed 
capacities (in MW), a storage capacity (in MWh) and a round-trip efficiency. Installed 
capacities and storage capacities are determined for all the countries according to data 
from the literature or PRIMES. 
Fossil-based thermal fleet 
The implementation of the fossil-based thermal fleet requires data for availability profiles 
(representing maintenance schedules), together with data on typical unit size (although a 
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clustered approach is taken) and technical characteristics (minimum off-time, minimum 
stable generation, maximum gradient and reserve supply constraints, start-up costs, 
generation costs and running costs). These data are taken from the ENTSO-E.  
Nuclear fleets 
The implementation of nuclear plants in METIS requires data for the availability as well as 
technical characteristics, taken from the ENTSO-E. Nuclear plants are assumed to be 
always on if available.  
CO2 emissions 
Data for CO2 emissions associated with fuels are required in METIS, as well as a price on 
CO2 emissions (can be seen as a CO2 tax or an equilibrium price of certificates in a cap 
and trade system such as EU ETS).  
Fuel prices 
Input data for international fuel prices are needed, typically sourced from PRIMES-
EUCO27. Prices are specific to each energy type (coal, lignite, oil, gas and biomass) but 
common to all 34 METIS countries. 
For coal and biomass, end-user fuel prices are used rather than the international fuel 
prices to provide a more accurate representation of the fuel cost in each country. 
PRIMES-EUCO27 also provide end-user fuel prices which include transportation costs. 
Net transfer capacities  
Data for Net Transfer Capacities (NTC) values between European and non-European 
countries are required. 
Supply 
To ensure that the installed capacity is consistent with the peak demand, in specific 
model runs, investment in OCGT can be included endogenous in the model optimisation.  
 
3.3.2 Strengths 
METIS attempts to use appropriate and recent publicly available data, so as to reduce 
uncertainties of model simulation results. 
The METIS framework provides a reasonably detailed temporal resolution: hourly steps, 
8760 hours per year. 
 
3.3.3 Limitations 
The METIS system module does not model network losses; they can be included as input, 
e.g., from PRIMES. As result, network losses can only be considered ex-ante and they 
are fixed throughout simulations. 
Suggestion: Introduce network losses in METIS. 
The current spatial resolution may be insufficient for certain policy questions. For 
example, METIS cannot distinguish between individual power plants. Such a broad spatial 
resolution may be insufficient for certain energy-related system/policy questions. 
Suggestion: The implications of grouping different plants in a single technology should be 
assessed and illustrated more carefully.  
18 
Although, METIS provides a reasonably detailed temporal resolution, for certain policy 
questions a sub-hourly resolution may be required, e.g., 15 min, especially when focus is 
on reserves and balancing, see for example Gaffney et al. (2018).7 
Suggestion: Explore how those policy questions which require a sub-hourly resolution 
could be addressed in METIS. 
Currently, many historically calibrated parameters in METIS do not take into account the 
future technological innovation and learning. For example, wind capacity factors in METIS 
appear to be outdated. 
Suggestion: METIS historically calibrated parameters should take into account future 
technological innovation and learning appropriately. For example, ISIMIP data sets could 
be considered. 
In METIS, not all techno-economic data and technology parameters are updated 
consistently. 
Suggestion: Techno-economic parameters should be updated consistently across all 
technologies. 
The hydro guide curve in METIS is calibrated for every Member State and every year. 
This calibrated hydro curve based on historical data is used also for future simulations up 
to the year 2050. This seems to be an especially critical assumption, particularly given 
the vast system differences (e.g., renewables) between the system of today versus the 
system of 2050. 
Suggestion: Hydro planning on annual basis should be made endogenous in the model.  
METIS determines system operations for a given year. As such, there is no dynamic 
linkage between different years. Although, this might be sufficient fur certain policy 
questions, other policy questions may require the possibility to trace the full dynamics of 
policy impacts over a more expanded time horizon. 
Suggestion: The implications of a single-year approach should be carefully 
communicated. A dynamic modelling approach might be considered, linking different 
modelled years. 
A single availability profile for all countries is adopted (for each technology). However, a 
country specific profile would be better suited (given differences in load and RES 
profiles).  
The nuclear fleet is considered is a must run (on minimum operating point). Especially in 
high RES cases this assumption can be questioned.  
Whereas data for OCGT (and possibly other technologies) are taken from 
PRIMES/POTENCIA, these capacities can be made endogenous (optimised) in the model. 
Suggestion: It should be made 100% clear which exogenous data are used from 
PRIMES/POTENCIA and where endogenous data are being produced. 
 
3.4 Policy scenarios 
The Review Panel has assessed whether baseline scenario assumptions are in line with 
the official baseline scenarios of the Commission; and whether the robustness and 
validity of the scenario building approach/process is ensured through interactions with 
other modelling tools / the involvement of stakeholders? 
 
 
7 Gaffney, Fiac and Deane, J. P. and Drayton, G. and Glynn, J. and Ó Gallachóir, B. P., (2018) A Comparative 
Analysis of Deep Decarbonisation Scenarios for the European Power System. 
http://dx.doi.org/10.2139/ssrn.3255566   
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In METIS, scenario runs typically make use of PRIMES results as input. PRIMES-based 
scenarios are validated, harmonised and in line with the official EU baseline scenarios. 
This makes the interpretation of METIS results easier. 
 
3.5 Transparency of the model and data 
The Review Panel has assessed whether the model is described using appropriate 
mathematical concepts and language, all key assumptions and the embedded expert 
knowledge are well-documented; whether the mathematical description of the model, 
code and data are stored publically accessible, and shared with the relevant scientific 
community; and whether all model runs in support of EU policies are documented in 
detail – including the model code and data – and stored accessibly so that, if needed, the 
reproduction of modelling results can be carried out at any time? 
 
3.5.1 The open-book approach of METIS 
Documentation 
Most of the METIS documentation is publicly available and accessible online. In 
particular, a complete html documentation of METIS is available online and freely 
accessible. Further, online and publicly available are also dedicated studies that describe 
specific METIS modules, data compilation, scenario construction or application of METIS 
to policy questions. 
Software 
METIS relies on the Artelys Crystal Super Grid Platform, which is a proprietary software. 
The Python language interpreter embedded into Artelys Crystal is Jython, which is an 
implementation of the Python programming language designed to run on the Java 
platform. Jython supports Python and enables Artelys Crystal to provide a direct access 
to many Java objects from a scripting environment. 
METIS modules are implemented using the scripting capabilities of the Artelys Crystal 
Super Grid Platform. The Artelys Crystal Super Grid Platform relies on an optimisation 
engine that provides a modelling language for power systems modelling. The Artelys 
Crystal Optimisation Engine translates the linear program to a format that can be 
optimised using the FICO Xpress optimisation solver. 
Data 
The data construction and data sources are documented in the above mentioned METIS 
studies, which are publicly available and accessible online. METIS data itself are not 
publicly available. There are plans to make publicly available parts of METIS data in the 
future, eventually. 
Model code 
The key characteristics of the METIS code, such as the programming language(s), 
interaction between different parts of the model code compiled in different programming 
languages (Java, C++ and C codes), are described in the above mentioned METIS 
studies that are publicly available and accessible online. The METIS code itself is not 
publicly available. There are plans to make publicly available a simple version of the 
model code in future, eventually. 
 
3.5.2 Strengths 
METIS is an extensively and thoroughly documented model. All deliverables related to 
METIS, including all technical specifications documents and studies, are published online 
on a dedicated website, which facilitates transparency about the model. 
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METIS is a transparent model. This means that the input data being used, as well as the 
equations that constitute the model, will be made openly available in the future. This will 
allow users and model developers to see what is actually in the model and how it 
operates. 
METIS provides a user friendly interface that facilitates the transparency of the used 
input data and possibilities to track model results. 
 
3.5.3 Limitations 
Although the underlying METIS equations that constitute the model may be made 
publicly available, given that the equations are written in a dedicated modelling 
language, they can only be used by the proprietary Artelys software, which is not open 
source / publicly available.  
Technically, from the four levels of the METIS code, only one level (METIS modules and 
data) will eventually be made publicly available (at least part of it). Codes from the other 
three METIS levels (Java code, C++ code and C code, including the graphical interface) 
are not and will not be available publicly.  
The Artelys Crystal Super Grid Platform is a proprietary software. Being a "closed-source 
software", it is a non-free software for which Artelys retains intellectual property rights.  
Given that solving METIS requires this proprietary software of Artelys, implies that, as it 
is provided to the Commission, METIS cannot be used and results cannot be reproduced 
by other modellers. This limits the reproducibility and transparency of METIS. Equations 
would need to be recoded in an open source modelling language/solver environment, 
which would require prohibitive coding costs. 
Suggestion: Make it possible to run the METIS code using a free (non-proprietary) 
software. 
In the terms of reference / tender specifications,8 it is stated that "The Commission will 
be the owner of the final tool" [page 43]. Thus, as owner of the final tool the Commission 
would be able to share the final delivered tool (METIS) with stakeholders and experts, as 
well as to share with and verify by the modelling community.9 From the final tool 
delivered to the Commission (which is subject of this Model Review exercise), it does not 
appear that this final tool is fully owned by the Commission and hence cannot be shared 
with stakeholders of the Commission and experts and made available for researchers and 
policy makers. This limits the transparency, reproducibility and openness of the model 
and data.  
Suggestion: Make very clear to the European Commission and other stakeholders what is 
openly available, (and how that could be used), and what is not, of which part of the final 
tool the European Commission is owner and of which not. 
There are many implicit assumptions in METIS (as in any model). Less-advanced users 
may not always be aware of underlying (strong) assumptions, particularly when running 
METIS via the graphical interface. This may lead to an incorrect interpretation of 
simulation results and wrong policy conclusions based on METIS simulation results.  
Suggestion: make all critical (implicit) assumptions – as identified in the sensitivity 




9 “Unlike other simulators, METIS will be owned and operated by DG ENER, with the support of the 
Commission’s in-house science and knowledge service, the Joint Research Centre.”  
https://setis.ec.europa.eu/system/files/setis-energy_systems_web_tt.pdf 
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3.6 Validation of the model, sensitivity/uncertainty analysis of the 
model output 
The Review Panel has assessed whether the model has been validated; whether the 
model output is subject to a systematic sensitivity/uncertainty analysis; and whether 
known model limitations are well documented and stored publically accessible? 
 
3.6.1 Validation of METIS, sensitivity/uncertainty analysis 
Selected sensitivity analyses have been done of METIS outputs, for example, with respect 
to varying weather years or gas imports. Purely as an example, METIS Study S5 
describes a sensitivity analysis exercise to disruption cases,10 which are implemented by 
setting some gas imports assets’ availability to zero. 
A general sensitivity analysis of the integrated version of METIS simulation results has 
not been undertaken. One reason for the missing sensitivity analysis is that PRIMES does 
not provide inputs that are required for a sensitivity analysis of the METIS output. 
Similarly, validation exercises of selected parts of METIS have been done against the 
PRIMES output. 
In order to account for uncertainties, selected future technological changes and 
uncertainties are considered in METIS. Uncertainties regarding demand and RES power 
generation are captured thanks to weather scenarios taking the form of hourly time 
series of wind, irradiance and temperature, which influence demand (through a thermal 
gradient), as well as PV and wind generation. 
 
3.6.2 Strengths 
METIS attempts to use the best and most recent publicly available data to reduce 
uncertainties of model simulation results. 
A further measure to reduce uncertainties of the METIS simulation output, METIS is being 
aligned with the PRIMES model whenever possible. 
 
3.6.3 Limitations 
In general, the development and use of METIS lack critical reflection and an academic 
rigour. This might also partly explain the limited number of refereed journal papers linked 
to the model. When setting up a model, the new model should be verified, validated 
and/or calibrated and possibly benchmarked. With verification, one verifies whether the 
model is coded correctly (as intended). This can be checked e.g. by stress-testing or 
running a basic/extreme case, where the outcome is known a-priori. Validation refers to 
comparing model outcome to e.g., historical numbers, to see whether the model 
performs adequately. Calibration of certain input parameters might be needed in this 
regard. Benchmarking, finally, implies comparing the model’s performance against other 
available (possibly commercial) modelling tools.  
Suggestion: Undertake a systematic verification/validation/benchmarking of METIS. This 
includes stress-testing, comparing results to historical data (i.e., try to reproduce 
historical data using METIS), and benchmarking to existing models (e.g., DISPASET 
(open-source UC model by JRC, or PLEXOS (commercial widely used model)). 
A sensitivity analysis to identify the key input data, their impact, and a systematic 
uncertainty analysis are lacking. Given that most of METIS simulation results are not 




interval of METIS simulation results and understand which are the crucial parameters / 
variables driving the METIS output. 
Suggestion: A global sensitivity analysis would be useful for all model output that is used 
as an evidence base for the EU policy design. An absence of the PRIMES output cannot 
be used as argument for not undertaking a sensitivity analysis of METIS simulation 
results. 
Suggestion: Undertake a comprehensive sensitivity analysis, also for forward-looking 
developments.  
Future development uncertainties are not modelled adequately in the model (demand, 
weather, etc.), only some technological changes and uncertainties are considered. This 
limits the reliability of METIS future projections and hence the model's use for the EU 
policy support. 
Suggestion: Include uncertainties of possible alternative future development scenarios 
and assess their impact on METIS simulation results. 
It has to be recognised that the more the model is downscaled and/or disaggregated, the 
more flexibility is needed to solve the model, which introduces larger uncertainty in the 
model. Among others, a multi-country approach enhances flexibility. 
Suggestion: The use of benchmarking could be extended, in order to ensure that METIS 
simulations and projections are robust. 
The future variability of the climate is not considered in METIS. For example, no 
variations in the energy production and consumption due to climate change are taken 
into account. This limits the reliability of METIS future projections and hence the model's 
use for the EU policy support. 
Suggestion: Consider the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) 
future weather data for alternative hydro, solar profiles, etc. 
Caution is required when specific numbers are being presented as output from METIS 
simulations to policy makers. It should be made very clear that some results are directly 
driven by input data or assumed boundary conditions. One example was the 50 EUR per 
megawatt-hour electricity price that was obtained in the P2G case study.11 This price is in 
fact directly driven by a 90 EUR price assumption for biogas. Presenting such results to 
policy makers without giving the key underlying assumptions and/or range of possible 
results under an interval of plausible/reasonable assumptions about the biogas price, 
may lead to a false precision and the illusion of accuracy. 
Suggestion: Provide ranges instead of point values and clearly communicate all key 
underlying assumptions, in order to avoid that numerical data of METIS simulations are 






The present reports details the outcome of the review of METIS, which was carried out by 
an external scientific Review Panel closely following ‘Guidelines for the review of models 
used in support of EU policies’. The review was carried out by scrutinising six areas of the 
model development and METIS’s use for the EU policy support: validity of the 
methodological approach, model’s capacity to adequately address EC policy analysis 
needs, adequacy and validity of the data used in the model, construction and analysis of 
policy scenarios, transparency of the model and data, and validation of the model, 
sensitivity/uncertainty analysis of the model output. The review aimed at verifying and 
consolidating the scientific credibility of METIS and identifying most promising/relevant 
areas for a future model development. 
As regards the validity of the methodological approach, the Report details to what extent 
the conceptual framework of the model is grounded in state-of-the-art theoretical 
insights, and the methodology implementing the model follows sound scientific principles. 
Among strengths, the adopted theoretical framework is internally consistent; model is 
not a “black box”, as the theoretical framework, all key methodological features of the 
model and the employed data are transparently documented. To mention some 
limitations, METIS is not an integrated power-gas-heat sector model. The heat sector is 
modelled separately from power and gas; there are only few soft links in terms of data 
exchange / use of the same inputs between the power/gas and heat modules. Many 
functional relationships in METIS are assumed to be linear by construction. There is one 
single decision maker in a centrally controlled energy system. There are no iterations 
with PRIMES, i.e., no feedback of METIS is being contrasted/fed back into PRIMES. 
As regards the model capacity to adequately address EC policy analysis needs, the 
Report details to what extent the model can answer relevant policy questions in a 
sufficiently detailed/disaggregated way, and the model is capable to capture challenges 
faced by specificities of the energy sector. Among strengths, METIS allows to optimise 
the energy system operation for one year with hourly time steps. The electric power 
system is typically considered; dependent on the set-up, gas and heat can also be 
included. METIS has a user-friendly interface to undertake energy-related policy 
simulations. The graphical user interface (property of Artelys) offers many possibilities to 
configure, customise and run simulations. To mention some limitations, each energy 
sector (power, gas and heat) is modelled in separate modules; their integration in an 
integrated energy system model however is incomplete. Important interdependencies 
e.g. between heat and power sectors are not considered adequately in the model.
Further, there is no one single standard METIS setup; it may not be clear to policy
makers which model setups / combinations of modules involve which endogenous and
exogenous variables.
As regards the adequacy and validity of the data used in the model, the Report details to 
what extent the model is empirically implemented using the best available and well-
established data sources, and the construction and updating of the model data base 
follows sound scientific principles. Among strengths, METIS attempts to use appropriate 
and recent publicly available data, so as to reduce uncertainties of model simulation 
results. To mention some limitations, many historically calibrated parameters in METIS 
do not take into account the future technological innovation and learning; not all techno-
economic data and technology parameters are updated consistently. 
As regards the construction of policy scenarios, the Report details to what extent the 
robustness and validity of the scenario building approach/process is ensured through 
interactions with other modelling tools / the involvement of stakeholders. In METIS, 
scenario runs typically make use of PRIMES results as input. PRIMES-based scenarios are 
validated, harmonised and in line with the official EU baseline scenarios. This makes the 
interpretation of METIS results easier. However, no use of POTENCIA has been made in 
this context, which seems to be a promising area for a future METIS development and 
use. 
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As regards the transparency of the model and data, the Report details to what extent the 
model is described using appropriate mathematical concepts and language, all key 
assumptions and the embedded expert knowledge are well-documented, the 
mathematical description of the model, code and data are stored publicly accessible, and 
shared with the relevant scientific community, and model runs in support of EU policies 
are documented in detail – including the model code and data – and stored accessibly so 
that, if needed, the reproduction of modelling results can be carried out at any time. 
Among strengths, METIS is a well-documented model; all deliverables related to METIS, 
including all technical specifications documents and studies, are published online on a 
dedicated website, which facilitates transparency about the model. To mention some 
limitations, solving METIS requires the proprietary software of Artelys, implying that, as 
it is provided to the Commission, METIS cannot be used and results cannot be 
reproduced by other modellers, as running METIS requires access of the non-free 
software of Artelys. This limits the reproducibility and transparency of METIS. Equations 
would need to be recoded in an open source modelling language/solver environment, 
which would require prohibitive coding costs. From the final tool delivered to the 
Commission (which is subject of this Model Review exercise), it does not appear that this 
final tool is owned by the Commission and hence can be freely used, shared with 
stakeholders of the Commission and experts and made available for researchers and 
policy makers. This in turn limits the transparency, reproducibility, openness and quality 
of the model and data as well as considerably reduces trust and buy-in from 
stakeholders. 
As regards the validation of the model, sensitivity/uncertainty analysis of the model 
output, the Report details to what extent the model has been validated, the model output 
is subject to a systematic sensitivity/uncertainty analysis, and the model limitations are 
well documented and stored publicly accessible. Among strengths, METIS attempts to use 
the best and most recent publicly available data to reduce uncertainties of model 
simulation results. To mention some limitations, the development and use of METIS lack 
critical reflection and an academic rigour. Further, a systematic 
verification/validation/benchmarking of METIS is lacking, which however is very 
important for such a new modelling tool. 
The report includes also a first reaction from the METIS team, noting that several of the 
comments and suggestions raised by the Panel are issues which were known to the 
METIS team a priori and some have been pointed out and discussed during the two days 
review meeting. In any case, all the suggestions will be taken in due consideration and 




5 Reply to the Review Report by the METIS team 
5.1 General remark on the METIS review report 
The METIS review by the Panel of Experts brings a number of valuable elements worth 
considering for the future developments and use of the METIS tool by the Commission.  
The review is based almost entirely on an interaction with the model developer (Artelys, 
an external consultant), who was best placed to address technical questions.  
However, a number of comments found in the review refer to the use of the model. As 
such, it is clear that the review process, and this report, would have greatly benefited 
from an organised interaction with the user of the tool (DG ENER), who is defining the 
condition of use of the tool: context, assumptions, processes. 
5.2 Aim of the METIS tool 
The METIS tool originates from a call for tender published by DG ENER in 201412. The 
objective was the development of software that models specific components of the 
European energy system, notably the power system and the gas system, properly 
customized to the European Commission needs.  
The Commission is the owner of METIS. However, the software currently relies on 
elements such as Artelys Crystal Super Grid platform for computation and visualization 
services, which remain property of Artelys SAS, the contractor that have developed the 
tool. 
The design and implementation of the tool strikes the balance between fitness for 
purpose, usability and openness, according to the following principles: 
1. Give a analytical capacity to the Commission to address detailed policy
questions related power and gas markets, as a complement to existing tools
accessible to the Commission at the time. The tool allows for the accurate
simulation of the European power, gas and heat sectors with a high level of time
granularity (up to less than hourly in the power sector).
2. Be operational and easy to use for policy officers of the European Commission.
This means developing reporting tools but also dashboards and a graphical user
interface.
3. In the context of objectives 1 and 2, be as transparent as possible and
extendable by experts other than the original contractor13.
We consider that all 3 objectives have been fully met. 
- Objective 1 has been met to the Commission’s full satisfaction as the contractor
has delivered a fully functioning tool and carried out a number of studies that
have provided useful insights for DG ENER. Building on an existing modelling
platform (Artelys Crystal Super Grid platform) has accelerated the development of
the METIS tool and allowed the Commission to use it in policy-related studies (e.g.
part of the IA of the CEP) since the first years of the project.
- Objective 2 has also been successfully met: the graphical user interface provided
with the tool as well as the training and support available for the contractor have
allowed the tool to be adapted rapidly within the European Commission, including
and notably for non-experts.
- Objective 3 has been met by the publication of extensive documentation
(including a full description of all variables and equations of the model). Moreover,
12 Call for Tender ENER/C2/2014-639 
13 See Tender Specifications ENER/C2/2014-639, Section 3.3.1 
26 
the publication of all input data and of all model code building on Artelys Crystal 
Super Grid in widely used formats (xml and Python for data and scripts 
respectively) will give interested parties access to the full model.  
In view of these elements, we provide below our remarks on the review of the METIS 
tool.  
5.3 Features and scope of the model 
The review report mentions a number of useful suggestions as to the scope and details of 
the model description.  
However, it also includes some diverging suggestions: for instance it comments that the 
METIS tool is not able to describe capacities at power plant level (implying a much higher 
granularity) while at the same time calls for the METIS tool to represent an integrated 
complete energy system (implying a much wider scope).  
Considering the fact that the regional coverage of the model includes all the EU Member 
States and neighbouring countries, and that it aims at being used by policy officers, a 
detailed representation at plant level appears out of scope of the current model 
specifications. On the other hand, improving the representation of the integration of the 
energy system’s different components makes sense and will indeed be considered. 
More specific improvements of the METIS tool suggested by the review are discussed 
below. 
5.3.1 Features already covered by the current model 
Heat networks 
- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 13:
“Suggestion: One solution would be to depart from the archetype-based approach and 
model the heat generation and storage in each country explicitly. Alternatively, relying on 
the archetype-based approach, the existing archetypes should be refined and their 
results validated and potential future archetypes should be added.” 
Reply: If the suggested solution is to represent all individual existing and possible future 
district heating systems in the EU, then this is out of scope of the model specifications.  
As explained during the review meeting, the archetypes defined by default in the tool 
already include some potential future archetypes (renewables-based for instance). In 
addition, the user can introduce and fully define additional archetypes in the model. 
Time resolution 
- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 17:
“Although, METIS provides a reasonably detailed temporal resolution, for certain policy 
questions a sub-hourly resolution may be required, e.g., 15 min, especially when focus is 
on reserves and balancing, see for example Gaffney et al. (2018). 
Suggestion: Explore how those policy questions which require a sub-hourly resolution 
could be addressed in METIS.” 
Reply: METIS functions at an hourly granularity by default. As a consequence, sub-hourly 
resolution is not modelled explicitly and all variations occurring inside the hour are dealt 
with through the representation of various Reserve types. Details on methodology to 
factor-in sub-hourly information in the METIS tool are provided in METIS Technical Note 
T6 “METIS Power System Module”14, Section 7. Appendix – Reserve sizing methodology, 
14 https://ec.europa.eu/energy/sites/ener/files/power_system_module.pdf 
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which also provides a comparison with historical observed values. Refining the time 
granularity would make sense if METIS was to develop towards a more granular 
description of the power sector.  
Finally, there is nothing preventing a user to use  sub-hourly datasets (provided such 
datasets are available) in METIS. 
Linearity 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 11:
“Suggestion: The impacts of linearity assumptions could be tested in a global sensitivity 
analysis.” 
The tool already uses piece-wise linear function to capture non-linear behaviours in some 
sectors. 
5.3.2 Relevant features for possible future developments 
Integrated model 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 10:
“METIS however is not a fully integrated power-gas-heat sector model.” 
- Section 3.1.3 (Adequacy and validity of data used in the model / Limitations),
page 13:
“Suggestion: Introduce the excess heat in METIS and model all major sources and key 
utilisation types of the excess heat. For inspiration, see the H2020 project Heat Roadmap 
Europe (HRE) available at https://heatroadmap.eu/heating-and-cooling-energy-demand-
profiles/.” 
- Section 4 (Conclusions), page 23
“To mention some limitations, METIS is not an integrated power-gas-heat sector model.” 
- Section 4 (Conclusions), page 23
“To mention some limitations, each energy sector (power, gas and heat) is modelled in 
separate modules; their integration in an integrated energy system model however is 
incomplete.” 
 Reply: Such suggestions are considered for future developments. 
Multi year 
- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 18:
“Suggestion: The implications of a single-year approach should be carefully 
communicated. A dynamic modelling approach might be considered, linking different 
modelled years” 
Reply: Such suggestion is considered for future development. 
Electricity T&D, including losses 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 11:
“The way distribution grids and possible local constraints are implemented remains partly 
unclear.  
Suggestion: This should be further explained and/or enhanced in future modelling.” 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 11:
“Suggestion: Introduce power transmission and distribution losses in the model.” 
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- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 17:
“The METIS system module does not model network losses; they can be included as 
input, e.g., from PRIMES. As result, network losses can only be considered ex-ante and 
they are fixed throughout simulations.  
Suggestion: Introduce network losses in METIS.” 
Reply: Such suggestions are considered for future developments. 
CHP 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 10:
“Furthermore, a flexible production from CHP plants is not considered.” 
Reply: Such suggestion will be considered for possible future developments. 
Hydro 
- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 18:
Suggestion: Hydro planning on annual basis should be made endogenous in the model. 
Reply: A better representation of hydro is under development. 
5.3.3 Recommendations beyond the current model specifications 
Plant-level model 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 10:
“However, it might be less suited if detailed power plant-level flexibility needs being 
addressed.” 
- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 17:
“The current spatial resolution may be insufficient for certain policy questions. For 
example, METIS cannot distinguish between individual power plants. Such a broad spatial 
resolution may be insufficient for certain energy-related system/policy questions.” 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 12:
“it does not allow e.g., to correctly account for start-up costs or take into account the 
minimum operating point of individual power plants. For certain type of analyses (e.g., 
focusing on flexibility, individual power plant operation, detailed reserve provision, etc.) 
METIS is not the best suited modelling tool.” 
Reply: Power plant-level detail appears out of scope of the current model specifications. 
Multiple actors 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 10:
“Also for problems where different actors would need to be represented, each having 
their own objective function and limitations, a centralised optimisation approach might be 
less suited.” 
Reply: Although an interesting topic, such suggestion appears out of scope of the current 
model specifications. 
5.3.4 Data inputs 
The review report discusses the data used in the different studies published with the 
model.  
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The datasets used were selected so as to ensure consistency with scenarios used for 
policy (see section 3.4 of the review), since the aim of using METIS was to provide 
policy-relevant outputs complementary to existing information provided by other 
modelling tools. One of the key advantage of METIS is that datasets can easily be 
updated, and studies re-run by the Commission, and by other users, independently from 
the contractor. This will allow the Commission, and other users, to take full advantage of 
the progress being made in the publication of datasets by third parties. 
- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 18:
“Currently, many historically calibrated parameters in METIS do not take into account the 
future technological innovation and learning. For example, wind capacity factors in METIS 
appear to be outdated. 
Suggestion: METIS historically calibrated parameters should take into account future 
technological innovation and learning appropriately. For example, ISIMIP data sets could 
be considered. 
In METIS, not all techno-economic data and technology parameters are updated 
consistently. 
Suggestion: Techno-economic parameters should be updated consistently across all 
technologies.” 
Reply: Data were selected to be fully aligned with policy scenarios (as recognised in 
section 3.4 of the review). 
- Section 3.3.3 (Adequacy and validity of data used in the model / Limitations),
page 18:
“Suggestion: It should be made 100% clear which exogenous data are used [..] and 
where endogenous data are being produced.” 
Reply: All inputs data to the METIS tool are being published. The studies already 
published list the input data and the output endogenously produced by the tool. 
- Section 3.6.3 (Validation of the model, sensitivity/uncertainty analysis of the
model output / Limitations), page 22:
“Suggestion: Consider the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) 
future weather data for alternative hydro, solar profiles, etc.” 
Reply: Any relevant available information on the evolution of weather-related data are 
useful and shall be considered. 
5.3.5 Interfacing with other tools 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 11:
“Suggestion: The linkage between METIS and PRIMES requires a careful attention and 
might need further exploration. It should also be made clearer what exactly can be 
captured in METIS, which cannot be done in PRIMES (given that PRIMES also has for 
instance a UC module).  
Suggestion: Develop a theoretically consistent framework for linking METIS with PRIMES 
(or POTENCIA).” 
Reply: 
DG ENER makes use of a number of mathematical models in order to carry out Impact 
Assessments for policy proposals.  
The PRIMES model15 is one them, which has been used has been used in recent 
modelling exercises for understanding the long-term behaviour of the European energy 
15 http://e3modelling.gr/modelling-tools/primes/ 
30 
system. The role of METIS is to complement the analysis by allowing to address specific 
questions requiring notably a higher time granularity.  
The analyses done with METIS tool can also contribute to the verification of results 
obtained with such type of model and thus supports their continuous improvement. 
5.4 Validation 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 10:
“Suggestion: In the model documentation, there is no clear distinction between the 
clustering approach (i.e., grouping power plants as a single technology), and the 
relaxation (i.e., considering an LP instead of an MILP). This distinction and the chosen 
approach should be made more explicit. The documentation would also benefit from a 
more thorough validation of the final approach (clustered, relaxed), i.e., comparing it to 
alternative approaches, such as a mixed-integer linear programming.” 
- Section 3.1.3 (Validity of the methodological approach / Limitations), page 13:
“The number of scientific contributions in relevant scientific literature is fairly limited. 
This is an area for improvement in the future.  
“Suggestion: It should be demonstrated that METIS brings methodological improvements 
(in terms of the model), and/or that specific analyses/cases can be assessed with METIS, 
bringing new insights to the field.” 
- Section 3.5.3 (Transparency of the model and data / Limitations), page 20:
“Suggestion: make all critical (implicit) assumptions – as identified in the sensitivity 
analysis – clearly visible to METIS end users.” 
- Section 3.6.3 (Validation of the model, sensitivity/uncertainty analysis of the
model output / Limitations), page 21:
“Suggestion: Undertake a systematic verification/validation/benchmarking of METIS. This 
includes stress-testing, comparing results to historical data (i.e., try to reproduce 
historical data using METIS), and benchmarking to existing models (e.g., DISPASET 
(open-source UC model by JRC, or PLEXOS (commercial widely used model)).” 
- Section 3.6.3 (Validation of the model, sensitivity/uncertainty analysis of the
model output / Limitations), page 21:
 “Suggestion: A global sensitivity analysis would be useful for all model output that is 
used as an evidence base for the EU policy design.” 
“Suggestion: Undertake a comprehensive sensitivity analysis, also for forward-looking 
developments.” 
- Section 3.6.3 (Validation of the model, sensitivity/uncertainty analysis of the
model output / Limitations), page 22:
“Future development uncertainties are not modelled adequately in the model (demand, 
weather, etc.), only some technological changes and uncertainties are considered. This 
limits the reliability of METIS future projections and hence the model's use for the EU 
policy support. 
Suggestion: Include uncertainties of possible alternative future development scenarios 
and assess their impact on METIS simulation results.” 
- Section 3.6.3 (Validation of the model, sensitivity/uncertainty analysis of the
model output / Limitations), page 22:
“Suggestion: The use of benchmarking could be extended, in order to ensure that METIS 
simulations and projections are robust.” 
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- Section 4 (Conclusion), page 24:
“To mention some limitations, the development and use of METIS lack critical reflection 
and an academic rigour.” 
Reply: 
The METIS tool has been developed to address specific policy needs at the time the 
project was launched. It relies on technology widely used and proven in daily application 
by practitioners and industry specialists. The methodologies used build on decades of 
academic research where this is relevant for ensuring functionality and fitness for 
purpose. The fields of operations research, numerical mathematics and the further 
development of modelling techniques are important scientific domains in the face of an 
increasing digitalisation of everyday life.  
Nonetheless, DG ENER welcomes the suggestion by the Review Panel to improve the 
validation process of the METIS tool, through historical calibration, sensitivity analyses 
and benchmarking. In this perspective, DG ENER clearly sees a role for, and encourages, 
the JRC to follow this line of work with the METIS tool.  
5.5 Use of the model 
5.5.1 Transparency 
The report includes some discussion on transparency and a request to make it possible to 
run the model in a “free (non-proprietary) software”. 
- Section 3.5.3 (Transparency of the model and data / Limitations), page 20:
“Although the underlying METIS equations that constitute the model may be made 
publicly available, given that the equations are written in a dedicated modelling 
language, they can only be used by the proprietary Artelys software, which is not open 
source / publicly available.” 
“Suggestion: Make it possible to run the METIS code using a free (non-proprietary) 
software.” 
- Section 4 (Conclusion), page 24:
“To mention some limitations, solving METIS requires the proprietary software of Artelys, 
implying that, as it is provided to the Commission, METIS cannot be used and results 
cannot be reproduced by other modellers, as running METIS requires access of the non-
free software of Artelys. This limits the reproducibility and transparency of METIS. 
Equations would need to be recoded in an open source modelling language/solver 
environment, which would require prohibitive coding costs.” 
Reply:  
We consider that the METIS tool is in fact transparent and allows reproducibility as: 
• All METIS input data are being published in the open and well documented xml
format under the Creative Commons Attribution Licence 4.0 (CC BY)16,
accompanied by an exhaustive description of how to use them.  This will allow the
import of METIS tool descriptions to practically all possible model platforms.
• The METIS tool equations, all thoroughly described in the on-line html
documentation and in the Technical notes, are being published under the open
source BSD-3 clause licence17 in Python, an open source programming language.
16 https://creativecommons.org/licenses/by/4.0/  
17 https://opensource.org/licenses/BSD-3-Clause 
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• The functionality of Artelys Crystal Super Grid is well documented, including its 
API (application programming interface). Given the conceptually clear structure, 
this functionality could be easily replicated. 
• The published studies using the METIS tool all mention the datasets and modules 
used, and the assumptions made. 
• It is thus possible to reproduce the model results, either by using a license of the 
Artelys Crystal Super Grid platform (which includes the solving environment and 
the user interface of the published METIS tool) or in a different solving 
environment.   
• The comment “which would prohibitive costs” appears purely speculative. 
 
5.5.2 Ownership 
The report includes some comments on the ownership of the tool and how this question 
would limit the use of the model by externals. 
- Section 3.4.3 (Transparency of the model and data / Limitations), page 20:  
“Thus, as owner of the final tool the Commission would be able to share the final 
delivered tool (METIS) with stakeholders and experts, as well as to share with and verify 
by the modelling community”.  
“it does not appear that this final tool is fully owned by the Commission and hence 
cannot be shared with stakeholders of the Commission and experts and made available 
for researchers and policy makers.“ 
“Suggestion: Make very clear to the European Commission and other stakeholders what 
is openly available, (and how that could be used), and what is not, of which part of the 
final tool the European Commission is owner and of which not.” 
- Section 4 (Conclusion), page 24:  
“From the final tool delivered to the Commission (which is subject of this Model Review 
exercise), it does not appear that this final tool is owned by the Commission and hence 
can be freely used, shared with stakeholders of the Commission and experts and made 
available for researchers and policy makers. This in turn limits the transparency, 
reproducibility, openness and quality of the model and data as well as considerably 
reduces trust and buy-in from stakeholders.” 
Reply:  
As stated in the tender specifications18, the European Commission has full ownership of 
all parts of the model apart from the contractor’s software platform and data made 
available for studies under conditions by other contractors. This defines a very clear 
interface between those parts owned by the Commission and those not owned.   
METIS actually applies an approach that is very common in the field of energy modelling 
(and others) where the actual model (even if fully published under an open license) relies 
on proprietary software. For instance, a number of models rely on the TIMES model 
generator, the GAMS modelling language and proprietary solvers (e.g. CPLEX), which all 
come with different license conditions. To our knowledge, such type of approach is 
notably followed by the models developed by the JRC, including models that have already 
been reviewed under the JRC review process.   
It is our understanding that, while the development of open source modelling languages 
is advancing19, few and less performant open source solvers are available20. The 
 
18 Tender Specifications ENER/C2/2014-639 
19 See e.g. https://wiki.openmod-initiative.org/wiki/Open_Models  
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development of open solutions will have to be watched carefully but today it would be 
premature and counterproductive to discard established modelling languages and solvers 
that have sometimes been continuously improved for more than 30 years.  
As explained above, the fact of the mathematical software not being “owned by the 
Commission” and free for use does thus not limit the “transparency, reproducibility, 
openness” of an energy model.  
As explained above and during the review process, the METIS equations scripts and data 
are being shared under open licensing. In fact, a significant amount of data and 
documentation was already accessible at the time of the review.  
To our knowledge, other actors are using the Artelys Crystal Super Grid platform by the 
contractors’ clients, including energy national regulatory authorities, energy agencies, 
network operators or utilities or research groups through academic licences.   
5.6 Conclusions 
In conclusion, we consider that the review of the METIS tool is an extremely useful input 
for DG ENER for the definition of possible future axes of developments of the tool and 
research topics to be addressed with it.  
The review will also be very useful in contributing to defining activities on the further 
validation of the tool. 
Finally, the decision to publish a full-fledged documentation on the tool (including an on-
line html documentation and comprehensive Technical notes), the input data, as well as 
the equations scripts under an open source licence, makes the METIS tool a significant 
contributor to the Commission’s transparency objective.   
20 E.g. the GLPK solver, see https://www.gnu.org/software/glpk/ is used in the full open source energy system 
model OSeMOSYS. However, open source solvers do not reach the performance of commercial products as 
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List of abbreviations and definitions 
CAPEX Capital Expenditure 
CCGT Combined Cycle Gas Turbine 
CCS Carbon Capture and Storage 
CFD Contract For Difference 
CHP Combined Heat and Power 
CO2 Carbon dioxide 
CRM Capacity Remuneration Mechanism 
DG ENER Directorate-General for Energy of the European Commission 
DG JRC Directorate-General Joint Research Centre of the European Commission 
ENTSO-E European  Network  of  Transmission  System  Operators  for  Electricity 
EOM Energy-Only Market (markets without Capacity Remuneration Mechanisms) 
ETS European CO2 Trading Scheme 
EUCO27  Central policy scenario reflecting 2030 climate and energy targets 
FIP Feed-In Premium 
FIT Feed-In Tariff 
GCV Gross Calorific Value 
IEA International Energy Agency 
LP Linear Programming 
MIDAS Modelling Inventory and Database Access Services 
MILP Mixed Integer Linear Programming 
MCTS Monte-Carlo Tree Search 
MW Megawatt, unit of power 
MWh Megawatt hour, unit of energy 
NCV Net Calorific Value 
NTC Net Transfer Capacity 
O&M Operation and Maintenance 
OCGT Open Cycle Gas Turbine 
OPEX Operational Expenditure 
PHS Pumped Hydro Storage 
POTEnCIA Policy Oriented Tool for Energy and Climate Change Impact Assessment 
PRIMES PRice Induced Model of the Energy System 
PV Photovoltaic panels 
RES Renewable Energy Sources 
ROR Hydro Run Of the River 
TSO Transmission System Operator 
TYNDP ENTSO-E’s Ten-Year Network Development Plan 
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VOLL Value Of Lost Load 
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Annex 2. Meetings’ agenda of the METIS Review Panel 
Meetings’ agenda of the METIS Review Panel 
Brussels, Demotstraat 24 / Rue Demot 24 - DM24 01/152 
Wednesday, 20 February 
14:00 – 15:15 
Meeting of the Review Panel (Panel members only) 
15:15 – 15:30 Review Panel, METIS team, guests 
Welcome and introductions (Chair)  
15:30 – 18:30 Review Panel, METIS team, guests 
Presentations by and discussion with the METIS team members, focusing on questions 
that the chair of the Review Panel has sent before the meeting 
18:30 All 
Adjourn first METIS review day 
20:00 Review Panel 
Working dinner of Review Panel members 
Thursday, 21 February 
9:00 – 12:30 
Meeting of the Review Panel (members only), agreeing on key points to be included 
in the Review Report 
12:30 – 14:00 
Lunch 
14:00 – 17:00 
Meeting of the Review Panel, identifying key elements of the Review Report, 
drafting conclusions 
17:00 
Adjourn second METIS review day 
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service: 
- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
- at the following standard number: +32 22999696, or
- by electronic mail via: http://europa.eu/contact
FINDING INFORMATION ABOUT THE EU 
Online 
Information about the European Union in all the official languages of the EU is available on the Europa 
website at: http://europa.eu 
EU publications 
You can download or order free and priced EU publications from EU Bookshop at: 
http://bookshop.europa.eu. Multiple copies of free publications may be obtained by contacting Europe 
Direct or your local information centre (see http://europa.eu/contact). 
K
J-N
A
-3
0
3
8
8
-E
N
-N
 
doi:10.2760/28916 
ISBN 978-92-76-22744-1 
